Background/Objectives: To assess the possible role of particular patterns of food consumption in the occurrence of hypertension. Subjects/Methods: A cross-sectional study of 571 members of defence forces was carried out in eight military institutions in Yaounde, Cameroon. Blood pressure was measured with automatic sphygmomanometers simultaneously at both arms. Food consumption data were obtained through a food frequency questionnaire and lifestyle questionnaire was used to ascertain information on physical activity and other risk factors. Results: Two dietary patterns were identified. The 'fruit and vegetable' pattern was typified by a high intake of fruits, vegetables, tubers and legumes. The 'meat' pattern was characterized by a high intake of bush meat, poultry and red meat. After adjustment for age, body mass index, rank, vigorous physical activity and total energy intake, the fruit and vegetable pattern was significantly associated with a reduced risk of hypertension (odds ratio (OR) ¼ 0.40; 95% confidence interval (CI) ¼ 0.20-0.83, P ¼ 0.04) when comparing the highest to the lowest quartile of dietary pattern scores. No significant relationship was apparent between the meat pattern and hypertension. Conclusions: Our findings suggest that a diet rich in fruits, vegetables, tubers and legumes may have an important role in regulating blood pressure. More prospective and extensive data are warranted to investigate the magnitude of cardiovascular disease in that specific population.
Introduction
Hypertension has been named the silent killer, and it is one of the most important risk factors for cardiovascular and cerebrovascular morbidity and mortality in adult population (Chockalingam et al., 2006) . It is also one of the leading causes of death and disability and the most frequent chronic conditions in medical consultation (Godwin et al., 2008; He et al., 2009) . The prevalence of hypertension has increased worldwide (Pereira et al., 2009) , partly because of a more stringent definition of hypertension (Chobanian et al., 2003) and the phenomenon that has been described as nutritional transition, particularly in developing countries. In Cameroon, the prevalence of the disease is increasing steadily. In 1994, the prevalence rate of hypertension in the adult population was 8.3% and in 2004 this rate increased to 20.8% in the urban population (Kengne et al., 2007) . Although it is well known that such modifiable risk factors as unhealthy diet and physical inactivity are the main non-genetic determinants of the disease, no study, to date, has assessed the possible role of overall diet in the prevalence of hypertension in the Cameroonian population. This study was undertaken to determine major dietary patterns and their effect on hypertension in the defence forces, a population with specific dietary habits and lifestyle related to its particular duties.
Subjects and methods

Study population
In November 2008, a cross-sectional survey was carried out in eight barracks in Yaounde, Cameroon. Study subjects were recruited through the screening of members of defence forces, including national gendarmerie, army, air force, navy and fire brigade. A total of 571 members of the defence forces aged 21-59 years agreed to participate to the study. Of these, 12 (2%) were excluded because they did not fully complete the related questionnaires and blood pressure (BP) was not measured in five (0.9%). A total of 13 (2.3%) had a total daily energy intake either less than 800 or more than 5000 cal and were later excluded because such intakes are unrealistic and, hence, of questionable validity. Finally 541 subjects, including 151 officers (28.5%), 227 warrant officers (42%) and 160 enlisted men (29.6%) were included in the analysis. Study subjects gave verbal informed consent before participation and people diagnosed with hypertension were referred to the Yaounde military hospital for follow-up. The study was approved by the Military Health Department Internal Review Committee.
Assessment of variables Hypertension. Hypertension was defined according to the Seventh report of the Joint National Committee On Prevention, Detection, Evaluation, and Treatment of high BP criteria as having an untreated systolic BP of greater than or equal to 140 mm Hg or diastolic BP greater than or equal to 90 mm Hg or being on medication for hypertension (Chobanian et al., 2003) . Blood pressure was measured simultaneously from the two arms of a participant, first seated after 5 min rest, and then in stand-up position after 10 min. Measurements were performed by trained nurses with automatic sphygmomanometers. The model of the sphygmomanometers used (Omron automatic BP monitor, HEM 712-C; Omron Healthcare Gmbh, Hamburg, Germany) has been validated to have 85% of readings falling within 5-10 mm Hg of the mercury standard (O'Brien, 2001) . The mean of the two measurements in seated position was used in the analysis.
Food intake and dietary patterns. Food consumption data were collected by a self-administered validated food frequency questionnaire (FFQ). The FFQ focused on the 1-year period before interview. Dietary and alcohol data were gathered on 100 items consumed over a 12-month period to estimate usual individual intakes. Participants were asked to report types of foods and beverages, including beer, wine and whiskey, and the frequency of consumption (daily, weekly and monthly) and the amounts consumed. The FFQ has an open-ended section to report other food items normally eaten by the participant. Daily energy intake was determined by summing up the caloric content of each food and beverage item, based on the reference values given in two food composition tables: International Network of Food Data Systems and the US Department of Agriculture National Nutrient database for Standard Reference. Food items were then classified into 29 groups (Appendix). The food grouping design was based on the similarity of nutrient profiles or processing and culinary usage. Some individual foods were retained either because they did not fit within a broader group (for example coffee and couscous) or because they represented distinct nutritional structures (dietary supplements).
Physical activity. Participation in sports or exercises two years before interview was assessed through a questionnaire and the respondents were asked how often, and the average duration per session they engaged in each of the 11 most common types of leisure-time physical activity in Cameroon. Individual activities included walking, driving, jogging or running, gardening or farm work, housework, tennis, soccer, swimming, bicycling, dancing and other strenuous exercise. The respondents indicated their usual frequency of participation in each of the above activities by choosing one of the following categories: never, less than once per month, 1-3 times per month, 1-2 times per week, 3-6 times per week or every day. The average time per episode of the 11 activities included less than 15, 15-30, 31-60 min or more than 60 min. Intensity was categorized as light, moderate or vigorous, and the classification was based on the amount of energy or effort a participant expended in performing the activity (Ainsworth et al., 2000) . Overall physical activity exposure was quantified in terms of metabolic equivalent, representing the number of kilocalories per hour each kilogram of bodyweight expended in activities (Ainsworth et al., 2000) . Metabolic equivalent hours per week for each activity were computed by multiplying the metabolic equivalent score by activity duration. Finally, total physical activity for each participant, as measured by metabolic equivalent hours per week, was quantified by summing up overall intensity activities.
Diabetes. Fasting blood glucose was measured after 12-h overnight fast using a capillary blood sample analyzed with the Accutrend GCT Roche Diagnostics Gmbh instrument (Bâle, Switzerland). Diabetes was defined as a condition with a fasting glucose level greater than or equal to 6.1 mmol/l or being on treatment for diabetes (Ekoé and Zimmet, 2008 Other sociodemographic and behavioural variables. Information on age, marital status, education attainment, smoking, financial or psychosocial stress, and somnolence were ascertained by a standardized questionnaire given to the subjects beforehand to complete on their own.
Statistical analysis
Descriptive statistics were performed to characterize the study population. Demographic characteristics and potential risk factors were compared by t-test for continuous variables and the Chi-square (w 2 ) test for categorical variables. Univariate modelling was first applied to describe the distribution of demographic attributes and nutrient intake by classification of hypertension. Owing to the limited sample size, only those variables that were confounders in this data set and for which there was a strong biological rationale were considered.
On the basis of the food and beverage items retrieved from the FFQ, major dietary patterns were derived by factor analysis. This procedure minimizes the correlation between factors and results in a simpler data structure with greater interpretability. The correlation matrix, rather than the covariance matrix, was used because the variables were not all of the same type and magnitude. In determining the number of factors to retain, we considered eigenvalues (X1.7), the Scree plot and factor interpretability. This analysis suggested two meaningful dietary patterns in the data. A dietary pattern score was computed for each study subject by summing up intakes of each food group weighted by its factor loading, which represents the relative contribution of that food group. Positive loading indicated that the dietary variable is positively associated with the factor, whereas negative loading reflects an inverse association with the factor. Labelling of dietary patterns was descriptive, based on our interpretation of the pattern structures.
To address the associations between dietary pattern scores and hypertension risk, the study subjects were divided into four categories according to quartiles of dietary pattern scores among the study population. Odds ratios (ORs) were computed by binary logistic regression. Risk estimates were adjusted for age, body mass index (BMI), vigorous physical activity, rank and total energy intake.
Tests for linear trend in logistic regression analysis were performed with scores derived from the median values of different variables, and entered into the model as successive integers. Effect modification of the association between dietary patterns and hypertension by lifestyle factors was assessed through subgroup analysis based on different levels of these factors. All tests of statistical significance were two-sided, and the analyses were conducted using SPSS for WINDOWS (release 17.0, 2008; SPSS, Chicago, IL, USA).
Results
The characteristics of the study population by hypertension classification are summarized in Table 1 . Hypertension prevalence was 39.1% and this prevalence was higher among warrant officers (44.6%) and officers (42.0%) than among unlisted personnel (22.7%). The mean age was 37.3 ± 9.6 years and in both normotensive and hypertensive subjects enlisted men were more likely to be younger than the officers and warrant officers (Po0.001). Approximately 90% of the study population was male and females were more likely to be warrant officers or unlisted personnel. Among normotensive individuals ever-smokers were more prevalent among warrant officers than officers and enlisted men (P ¼ 0.023), whereas, as expected, officers were likely to be more educated than warrant officers and enlisted men (Po0.001). Enlisted men were more likely to engage in individual activities than warrant officers and officers (Po0.002). Among normotensive and hypertensive subjects, both officers and warrant officers were more likely to be overweight or obese than enlisted men (Po0.05). Among hypertensive individuals, a higher proportion of diabetes was observed among officers than warrant officers and enlisted men (Po0.005). Although stress history and total energy intake were not significantly different between the study groups, fibre intake was more likely to be higher among enlisted men and warrant officers than the officers (Po0.001), and calcium intake among enlisted men and officers was likely to be higher than that of warrant officers (P ¼ 0.046).
Two major dietary patterns were identified ( Table 2 ). The first was labelled 'fruit and vegetable' as it was heavily weighed by fresh fruits and green and dark yellow vegetables, a variety of tubers, with a high involvement of legumes. The second was labelled 'meat', reflecting elevated bush meat, poultry and red meat consumption, with reduced intake of sweets, cakes and sugar. The two patterns explained 17.5% (9.5 and 8%, respectively) of the total variation in food intake among individuals.
The relationships between the two dietary patterns and selected lifestyle variables are delighted in Table 3 . Study subjects who had a higher fruit and vegetable dietary pattern score were younger and more likely to have a healthy waist circumference and BMI. Furthermore, they were more likely to engage in vigorous physical activity, but had greater energy intake. Those who had a higher meat dietary pattern score were older, had higher waist circumference and BMI, were less educated and more likely to have elevated energy intake. There was a tendency to higher fruit and vegetable dietary pattern scores among officers, whereas warrant officers and enlisted men tended to score high in meat pattern. Table 4 shows the OR values for hypertension according to the two dietary patterns. After adjustment for age, BMI, rank, vigorous activity and total energy intake, hypertension risk was significantly reduced with the fruit and vegetable dietary pattern (OR ¼ 0.40, 95% confidence interval ¼ 0.20-0.83, P ¼ 0.04), when comparing the highest to the lowest quartile of dietary pattern scores. No significant relationship was apparent between hypertension risk and the meat dietary pattern. Further subgroup analyses of hypertension risk by age, BMI, waist circumference, smoking and educational attainment revealed no effect modification (data not shown).
Discussion
In this cross-sectional survey, we identified two major dietary patterns in an urban defence force population. The results of this study suggest that a dietary pattern typified by a high consumption of vegetables and fruits, tubers and legumes is inversely associated with the prevalence of hypertension. A dose-response effect was apparent. This finding is consistent with other investigations that have assessed the relationship of dietary patterns and the risk of hypertension, cardiovascular disease (CVD) or mortality.
In Western population, a vegetarian diet has been found to be associated with some degree of protection against hypertension compared with non-vegetarian diets (Armstrong et al., 1977; Kuczmarski et al., 1994) . A crosssectional analysis on dietary patterns and BP levels among Japanese women revealed that a vegetable pattern was associated with lower systolic and diastolic BP and pulse pressure (Atsuko et al., 2008) . Mediterranean women in the European prospective investigation into cancer and nutrition-Florence cohort-reported that high consumption of leafy and total vegetables was inversely associated with both systolic and diastolic values (Masala et al., 2008) . Another prospective Mediterranean study including 8594 participants aged 20-95 years found a significant inverse relation between fruits and vegetables consumption and the risk of hypertension among participants with low olive oil consumption (Nuñez-Cordoba et al., 2009). In the Dietary Approaches to Stop Hypertension (DASH) study that investigated the effect of a diet rich in fruits, vegetables, low-fat dairy products with reduced saturated fat, it was shown that such a diet reduces systolic BP by 5 mm Hg (Appel et al., 1997) . A seven-year BP follow-up study of 1710 middle-aged employed men in Chicago, IL, USA found that higher intakes of fruits and vegetables were related to less of an increase in systolic BP and diastolic BP over time, independent of age, weight at each year and intake of other foods (Miura et al., 2004) . In Japan, a cross-sectional study based on home BP measurements and involving 1569 residents aged 35 years and over revealed that high-level consumption of fruits and vegetables was associated with a significantly lower risk of hypertension (Utsugi et al., 2008) . Finally, an Australian cohort study of 40 653 people found that vegetable and fruit dietary pattern was inversely associated with CVD mortality, whereas meat dietary pattern was not associated with CVD or ischaemic heart disease mortality (Harriss et al., 2007) .
A number of biological mechanisms that may explain the inverse association between the fruit and vegetable dietary pattern and the risk of hypertension have been suggested. Fruits, vegetables, tubers and legumes are flavonoid-rich food sources. Flavonoids are structurally diverse compounds that exhibit a range of biological activities in vitro that may explain their potential cardioprotective properties, including anti-oxidant and anti-inflammatory effects and induction of apoptosis (Erdman et al., 2005) . Epidemiological studies support the protective effect of food rich in flavonoids or total flavonoid intake on CVD (Yuchum et al., 1999; Arts and Hollman, 2005; Hooper et al., 2008) and a prospective study reported that anthocyanidins, flavonones and foods rich in flavonoids were associated with lower CVD mortality (Mink et al., 2007) . Recently oxidative stress, which is a disturbance in the equilibrium status of prooxidant/anti-oxidant systems in intact cells, has been proposed as the cause of hypertension (Touyz and Schiffrin, 2004) . Decreased anti-oxidant activity and reduced levels of reactive oxygen species scavengers contribute to oxidative stress. If that hypothesis is correct, it is therefore reasonable to assume that a diet rich in fruits, vegetables, tubers and legumes, which contains a variety of plant anti-oxidants operating as a continuous chain, may have an important role in regulating BP.
The fruit and vegetable dietary pattern was loaded heavily on tubers such as banana and potato. These foods are important sources of magnesium. Both clinical and epidemiological evidence suggest that magnesium decreases vascular tone and contractility by decreasing cellular uptake of calcium and thereby cytosolic calcium (Harlan and Harlan, 1986 ) and thus may reduce BP (Touyz, 2003) . Furthermore, magnesium administration in endothelial cells and in humans stimulates production of prostaglandin I 2 , a vasodilator.
The meat dietary pattern was not related to hypertension. A number of cross-sectional (Wirfält et al., 2001; Chen et al., 2006) and prospective (Schulze et al., 2001 ) studies failed to show significant associations between meat dietary pattern and hypertension risk. However, other investigations reported significant associations between the meat dietary pattern and the risk of hypertension, which disagree with our findings. A recent Turkish study reported a positive relationship between the risk of hypertension and red meat (Metintas et al., 2009 ). However, the study population included people living in rural areas with high consumption of fat and salt as well. An American cohort of middle-aged and older women found that red meat intake was positively associated with the risk of hypertension (Wang et al., 2008) . However, because the authors adjusted for related dietary factors, it is likely that the association could not necessarily be explained by an overall meat pattern, as multivariate relative risks of incident hypertension across increasing quartiles of poultry intake were not significant.
Not surprisingly, the observed relationships between lifestyle and the meat dietary pattern were in the expected direction. Higher meat pattern scores were associated with older age, elevated waist circumference and BMI, heavy energy intake and lower educational attainment.
Our study holds several strengths. This is, to the best of our knowledge, the first investigation to deal with the relationship between dietary patterns and the risk of hypertension in the defence forces. Furthermore, it was highly standardized in how it obtained sociodemographic and lifestyle characteristics as well as BP. Another strength of this study is the highly detailed habitual dietary intake and physical activity data on participants, virtually unique in cross-sectional studies. The relatively rare use of BP-lowering medications also permitted us to examine dietary influences largely separate from those related to drug treatment. A dietary pattern for reduced hypertension risk A Nkondjock and E Bizome 
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In addition, the proportion of people taking dietary supplements, including vitamins and minerals, was very low, based on specific information collected. Hence, our study results were apparently affected less by such supplements and better reflect the effects of food on BP in this population, independent of influence of dietary supplements. Finally, our dietary pattern analysis extended beyond food groups and nutrients, and was designed to take into account complex interactions among dietary components, and their cumulative influences.
This study holds a number of limitations. First, the study population may not be representative of the entire defence forces. Subjects were recruited in Yaounde military institutions through invitation for health checkups, in which they participated voluntarily, and this may have realized a population with a greater concern for health. However, health awareness and knowledge about the aetiology of hypertension is very limited in Cameroonian defence forces, and persons with hypertension at an early stage are often unaware of their disease. Moreover, as the assessment of dietary exposure was retrospective, recall bias may not completely be excluded. However, such a bias may not be substantial as this method served to collect information from the entire study population in the same manner, and data on dietary exposure were obtained before the screening. Ours was a cross-sectional study and because of the design, the causal relationship between dietary patterns and hypertension could not be totally confirmed, and the possibility of reverse causality may have arisen. Finally, it has been argued that consumption of food commonly considered to be healthy, such as fruits, vegetables and legumes, may be part of an overall prudent lifestyle. In this analysis, younger age, vigorous physical activity, healthy waist circumference and BMI were significantly related to the fruit and vegetable dietary pattern. Therefore, it is likely that residual confounding from these variables may partly explain the observed inverse relationship between this dietary pattern and hypertension.
In conclusion, our results lend support to the concept that hypertension may be prevented by scoring high in the fruit and vegetable dietary pattern and that dietary pattern was significantly associated with lower BP in a dose-response manner in the military personnel. In a setting where awareness of CVD is very low, such a dietary pattern may have great clinical significance, suggesting that consuming a diet rich in fruits, vegetables, tubers and legumes may reduce CVD risk through lowering BP. Additional studies assessing the influence of overall diet in the aetiology of hypertension are warranted to examine this finding.
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